We present deep Near-infrared (NIR) images of a sample of 19 intermediate-redshift (0.3 < z < 1.0) radio-loud active galactic nuclei (AGN) with powerful relativistic jets (L 1.4GHz > 10 27 WHz −1 ), previously classified as flat-spectrum radio quasars. We also compile host galaxy and nuclear magnitudes for blazars from literature. The combined sample (this work and compilation) contains 100 radio-loud AGN with host galaxy detections and a broad range of radio luminosities L 1.4GHz ∼ 10 23.7 −10 28.3 WHz −1 , allowing us to divide our sample into high-luminosity blazars (HLBs) and low-luminosity blazars (LLBs). The host galaxies of our sample are bright and seem to follow the µ e -R ef f relation for ellipticals and bulges. The two populations of blazars show different behaviours in the M K,nuclear -M K,bulge plane, where a statistically significant correlation is observed for HLBs. Although it may be affected by selection effects, this correlation suggests a close coupling between the accretion mode of the central supermassive black hole and its host galaxy, that could be interpreted in terms of AGN feedback. Our findings are consistent with semi-analytical models where lowluminosity AGN emit the bulk of their energy in the form of radio jets, producing a strong feedback mechanism, and high-luminosity AGN are affected by galaxy mergers and interactions, which provide a common supply of cold gas to feed both nuclear activity and star formation episodes.
INTRODUCTION
Tight empirical relations between the black hole mass and properties of its host galaxy bulge (e.g. Magorrian et al. 1998; Gebhardt et al. 2000; Ferrarese & Merritt 2000; Tremaine et al. 2002; Gültekin et al. 2009 ) suggest a synergic connection between the growth of the black hole and the evolution of its host galaxy. The energy (radiative and mechanical) deposited by the AGN on its environment is thought to fundamentally influence its host galaxy -for a recent review on AGN feedback see Fabian (2012) and Heckman & Best (2014) .
However, details on the mechanisms allowing nuclear activity to play a significant role on the formation and evolution of its host galaxy, remain elusive. Bearing this in mind, one may envision a close coupling between the relativistic jet launched by some black holes and their host galaxies, the so called radio-mode AGN feedback (Croton et al. 2006 ; Bower et al. 2006) . So the question arises: Is there any relation between the host galaxy (its black hole) and the jet it launches? Are there any consequences on the host galaxy evolution because launching a powerful jet?
Since radio jets are believed to be efficient to distribute (and affect) matter and energy from nuclear (e.g León-Tavares et al. 2013 ) to galactic (kpc) scales (e.g. Emonts et al. 2005; Nesvadba et al. 2008; Morganti et al. 2013; Tadhunter et al. 2014) , the more powerful the jet, the larger the chance we might have to uncover imprints of the jet on its host galaxy. Then, an effective way to try to address the above question is by a thorough analysis of galaxies hosting AGN with relativistic jets covering a wide range of power (BL Lac objects and flat spectrum radio quasars [FSRQ] , grouped together as blazars). However, host galaxies of blazars are usually outshone by the highly-beamed synchrotron emission from the jet which makes a considerable challenge to detect and resolve the host galaxy in these type of objects.
Despite these issues, significant effort to study the host galaxies of this type of AGN have been conducted (e.g. Stickel et al. 1991; Kotilainen et al. 1998b; Falomo & Kotilainen 1999; Falomo et al. 2000; Scarpa et al. 2000; Urry et al. 2000; Nilsson et al. 2003; Cheung et al. 2003; Kotilainen et al. 2005; Hyvönen et al. 2007 ; León- Tavares et al. 2011a) , albeit concentrating on low-luminosity and nearby sources (mostly BL Lacs), for a recent compilation of results on BL Lacs host galaxies see Falomo et al. (2014) .
In this work, we report the properties of galaxies hosting high-luminosity FSRQ being successfully resolved with our deep NIR imagery. We compare the host galaxy properties in our sample with those reported in the literature for blazar sources. Our sample is described in §2 and the observational data is presented in §3. In §4 we present the structural analysis of the host galaxy and these results are discussed in section §5. Our results are summarized in §6. Throughout the manuscript we adopt cosmological parameters of Ωm = 0.3, ΩΛ = 0.7 and a Hubble constant of H0 = 70 Mpc −1 km s −1 .
SAMPLE
The sample of sources analyzed in this work is a sub-sample of variable radio-loud AGN monitored at 7mm (S7mm > 1 Jy) with the Aalto University Metsähovi Radio Observatory in Finland 1 , since the last 30 years (Terasranta et al. 1992; Teraesranta et al. 1998; León-Tavares et al. 2011b; Nieppola et al. 2011 ). According to the AGN unification scheme (Antonucci 1993; Urry & Padovani 1995) , FSRQ and BL Lacs are those AGN whose relativistic jets point towards the Earth. Jet viewing angles have been estimated in Hovatta et al. (2009) for most sources in our sample. The distribution of jet-viewing angle comprised in our sample is narrow and skewed towards small angles (i.e. < 10 deg). Then, for the purpose of this investigation, the distribution of jet viewing angles of our sample can be adopted as statistically indistinguishable. Therefore, hereafter we shall assume that the range of observed radio luminosities in the sample is merely associated to the intrinsic power (and speed) of the jet.
The sources considered in this work have also been regularly observed with the Very Long Baseline Array (VLBA) within the MOJAVE programme (Lister et al. 2009 ). Thus, having well sampled millimeter light curves (via monitoring with the Metsähovi Radio Observatory) and information about the evolution of the inner parsec scale jet structure (via VLBA observations), allow us to explore a possible connection between the host galaxy (its black hole) and intrinsic properties of the jet (e.g. Doppler factor, intrinsic speed) -this connection will be explored in a companion manuscript.
We select intermediate redshift (0.3 < z < 1.0) sources so that J− and H−band observations could cover the typical rest-frame wavelength of ∼ 1µm, thus allowing us to probe the old stellar population of galactic bulges. The sample of sources for which host galaxy imaging has been attempted in this work is listed on Figure 1 . Distribution of the 1.4GHz luminosities of the combined sample. Top panel shows the distribution of radio luminosity for sources compiled from literature (red) and the sample analysed in this work (blue). In the middle panel, the combined sample is divided according to the classical blazar classification scheme. BL Lac type objects (yellow) and FSRQ (cian) populate the low-end and high-end luminosities of the distribution, respectively. In the bottom panel, the sample is divided according to the adopted classification (LLBs and HLBs, green and magenta fills, respectively). Given the bimodality shown, we use L 1.4GHz = 10 26 W Hz −1 as the dividing value. Columns: (1) and (2) give the designation and name of the source; (3) the redshift of the object; (4) and (5) the J2000 right ascension and declination of the source; (6) the observation date; (7) the filter used for the observation: J=NOTcam standard J filter (1.165µm-1.328µm), H=NOTcam standard H filter (1.484µm-1.780µm); (8) the seeing during the observation, and (9) the total exposure time.
performed a large compilation of blazars (78 BL Lacs and 7 FSRQ; hereafter the compiled sample or literature sample) with host galaxy detection (Kotilainen et al. 1998a,b; Falomo & Kotilainen 1999; Falomo et al. 2000; Scarpa et al. 2000; Urry et al. 2000; Nilsson et al. 2003; Heidt et al. 2004; Cheung et al. 2003; O'Dowd & Urry 2005; Kotilainen et al. 2005; Nilsson et al. 2009 ), redshifts 0.0 < z < 1.3 and 1.4 GHz flux density measurements reported in the literature.
To allow for comparison, all magnitudes in our and compiled samples were transformed to K-band. We use our adopted cosmology (section 1) together with rest-frame colours of giant ellipticals, more specifically: R−K = 2.7 and I −K = 2.0 from Kotilainen et al. (1998a) and H −K = 0.22 reported in Recillas-Cruz et al. (1990) ), and the following nuclear colours: R − K = 2.95 (Kotilainen et al. 2005) , H − K = 1.10 (Kotilainen et al. 1998a ) and J-K=1.44 (Cheung et al. 2003) . The galaxies in the sample of Heidt et al. (2004) and Nilsson et al. (2009) were studied in I band. By interpolating between R and J band fluxes, we derived a I − K = 2.34 colour to account for the nuclear part of the galaxies.
Absolute magnitudes derived from Hubble Space Telescope (HST) and ground-based images of BL Lac objects are in very good agreement with each other (as shown by Falomo & Kotilainen 1999) . Moreover, previous studies have not found effective radius dependence with wavelength, although some trend has been noticed by Hyvönen et al. (2007) .
Top panel of Figure 1 shows the distribution of radio luminosity at 1.4 GHz (L1.4GHz) for our sample, along with the compiled sample. As it can be seen from the top and middle panels of Figure 1 , previous host galaxies studies have focused on sources with low-luminosity AGN, mostly BL Lacs. At first glance, a bimodal distribution can be gleaned from inspection of Figure 1 . The bimodality of L1.4GHz reflects the distribution of blazar types (see middle panel of Figure 1 ), most BL Lacs populating the low-end luminosity of the distribution and all FSRQs populating the highend luminosity of the distribution. We have not changed the galaxy classification from their original studies, although we have checked (using more recent spectra) that most BL Lacs populating the high-end luminosity of the distribution (L1.4GHz ≥ 10 26 W Hz −1 ) are misclassified FSRQs.
The division of blazar sources between BL Lacs and FSRQs based solely on the exhibition of broad emission lines is far from being accurate. As an example, we invoke the source 2201+044 previously classified as BL Lac (e.g. Sbarufatti et al. 2005) , however, prominent broad emission lines can be easily identified on its optical spectrum (Sbarufatti et al. 2006) . A recent study by Giommi et al. (2012 Giommi et al. ( , 2013 ) discusses more in detail the deficiency of the BL Lac/FSRQ classification. They propose an alternative blazar classification scheme considering two physically different AGN classes: low-excitation radio galaxies (LERGs) and high-excitation radio galaxies (HERGs). In LERGs, the black hole accretes material via a geometrically thick advection-dominated accretion flow (ADAF), with low accretion rates and radiative efficiency. On the other hand, in HERGs, the black hole accretes material very efficiently via an optically thick and geometrically thin accretion disc, whose UV emission is capable of ionizing the broad-and narrow-emission lines.
Considering the above, we avoid the BL Lac/FSRQ classification and instead we assume that intrinsic differ-ences in blazars properties are due to differences in their accretion modes and that these differences are reflected in their radiative efficiencies and in turn, radio luminosity L1.4GHz, since the luminosity of the accretion disc and jet radio power are known to be correlated (Giommi et al. 2012) . Specifically, black holes accreting through ADAFs should show low radiative efficiencies, and in turn low L1.4GHz, whereas black holes accreting through accretion discs, should show high radiative efficiencies and therefore, high L1.4GHz. In order to set a dividing L1.4GHz value, we assume that the bimodality presented in the L1.4GHz distribution of Figure 1 is largely caused by the dominance of either of the two accretion modes. Hence, we call low-luminosity blazars (LLBs), those sources with L1.4GHz < 10 26 WHz −1 and high-luminosity blazars (HLBs), those that show L1.4GHz ≥ 10 26 WHz −1 . In this way, the LLBs sources comprises 57% of our sample and the HLBs, 43%.
In a recent study, Best & Heckman (2012a , see also, Buttiglione et al. 2010 find that LERGs and HERGs appear to switch in dominance at L1.4GHz ∼ 10 26 W Hz −1 . However, both populations are found across a wide range of radio luminosities (∼ 10 22 W Hz −1 < L1.4GHz <∼ 10 27 W Hz −1 ). Moreover, when the jet viewing angle is closely aligned to the line of sight, L1.4GHz strongly depends on the unknown intrinsic speed and power of the jet. Hence, because of relativistic beaming, the fraction of jets from LERGs that might take values L1.4GHz ≥ 10 26 W Hz −1 is even larger in samples constituted entirely by blazars, like ours.
Based on the foregoing, we can not categorically link LERGs to LLBs or HERGs to HLBs, specially for sources populating the low luminosity end of HLBs, where powerful and highly beamed LERGs are more likely to be located. However, we assume that the differences in radio luminosities are due to a predominant accretion mode in each sample
OBSERVATIONS
Observations were made with the Nordic Optical Telescope (NOT) 2 at La Roque de los Muchachos, La Palma, Canarias, Spain. They were conducted between 09 May and 15 September 2011 using the near-infrared Camera (NOTCam) 3 on the NOT. NOTcam field of view is 4 × 4 with a pixel scale of 0.234"/pixel designed to be used in the range from 0.8 to 2.5µm in the bands J, H and K.
Observing the targets in the red part of the rest-frame spectrum is important since the stars in elliptical galaxies (expected hosts of blazars) are mostly population II (red, old and low mass). Therefore, to target the rest-frame Ror I-band emission from the host galaxies, we observed the sources in the J (1.250µm) and H (1.626µm) filters, for redshifts 0.3 < z < 0.8 and 0.8 < z < 1.0, respectively.
A dithering pattern was used for the observations to allow an accurate sky subtraction. The dithering step was 40 arcsec, with 50 seconds exposures for each step. Table 1 shows the journal of the observations. Data reduction for the images was performed using the 2 http://www.not.iac.es/ 3 http://www.not.iac.es/instruments/notcam/ NOTCam quicklook package in IRAF 4 . We corrected beforehand the distortion of the camera used (WF-camera) which is significant, especially at the corners. It is corrected using distortion models for each band constructed with high quality data of a rich field of stars (∼300 2MASS sources). Next, a masterflat was created. Two pairs of skyflats were observed each night for a better estimation of normalized median combined masterflat. Skyflats were interpolated over bad pixels, using a bad pixel mask and corrected for the dcgradient in differential images. After that, the dithered images are combined to get a sky template, which is subtracted from each image. Finally, using field stars as reference points, the images were aligned and combined to obtain a co-added image which are used for our analysis.
HOST GALAXY IMAGES

Photometric Decomposition
We analyse quantitatively the structure of the host galaxies in our sample by modeling their surface brightness (see Figure B1 in Appendix) following the methodology presented in León Tavares et al. (2014) where the 2D image decomposition code GALFIT (Peng et al. 2011 ) was used. GALFIT uses a least-squares technique to minimize the χ 2 from the residual image (the product of subtracting the model from the observed galaxy). Models are composed of analytical functions that, in turn, are composed of different parameters which are free to vary until the χ 2 is reduced.
The first component used to model the galaxies in the sample is the sky. The modeling of the sky is performed using a flat plane with the ability to tilt in the x and y directions. With the aim of obtaining more precise sky estimations, this component is modeled in regions of the image with the minimum amount of objects.
The next component, is the point spread function (PSF). The PSF modeling is performed by simultaneously fitting the highest number of stars in the field as possible. We use a variable number of Gaussian and exponential functions convolved in a 100 pixels × 100 pixels (23" × 23") box. We select non-saturated stars (although of any magnitude), with no close companions (closer than ∼ 2.5") and preferentially close to the source. If inside the convolution box there is any other object, it is masked out using the SExtractor segmentation image (Bertin & Arnouts 1996) . We finally test our PSF by fitting random stars in the field to ensure our model is suitable for our analysis. Figure 2 shows an example of the PSF modeling procedure.
Since the AGN emission in our images is unresolved, we use the PSF model to represent it. In addition to the AGN emission, the PSF is needed to model the central region of the host galaxies. A poor PSF model might lead to over/under estimations of the host galaxy parameters so, it has to be stressed that the PSF modeling is the key step towards an appropriate fit.
The final component is the host galaxy. As radio loud AGN are expected to be hosted by early type galaxies, (Kotilainen et al. 1998a; Falomo et al. 2000; Scarpa et al. 2000; Nilsson et al. 2003) , we use the Sérsic profile, described as:
where I(R) is the surface brightness at the radius R, and κ is a parameter coupled to the Sérsic index n in such way that Ie is the surface brightness at the effective radius Re (radius where the galaxy contains half of the light). See Graham & Driver (2005) for a formal definition of the parameters involved in the Sérsic profile.
Even though we expected the host galaxies to be better described by a Sérsic profile, we did not discard the possibility of the existence of disc components in their substructures, so we explored the exponential profile alone and together with the Sérsic profile. However, in accordance with previous works (Kotilainen et al. 1998a,b; Falomo & Kotilainen 1999; Falomo et al. 2000; Scarpa et al. 2000; Urry et al. 2000; Nilsson et al. 2003; Heidt et al. 2004; Cheung et al. 2003; O'Dowd & Urry 2005; Kotilainen et al. 2005; Nilsson et al. 2009 ), the latter did not show better results.
Once we define the analytical functions needed for the fit, we proceed to run GALFIT. We use the initial guesses from the catalogue of objects derived by SExtractor for each image, and a Sérsic index n = 4 (de Vaucouleurs profile, which describes how the surface brightness in elliptical galaxies varies as a function of the distance from the center). As with the PSF, we masked out the objects inside the convolution box by implementing the SExtractor segmentation image. If the targets have very close companions, we fit them simultaneously with the galaxy (e.g. 2234+282) since their light distributions merge and a simple mask is not enough to remove them from the fit.
We fit the sky background first and left fixed during the model fitting, in this way, the total number of parameters is reduced when the other components are being computed. Once the background is fitted, we run GALFIT again to fit the nuclear part, and once again to fit the host galaxy. The parameters obtained from these fits are used as initial guesses for the final run, where we fit all the components together to obtain the final model.
Uncertainties
Uncertainties of parameters derived from GALFIT, are typically ∼ 0.01 mag and ∼ 0.05 arcsec. However, the actual values are larger and are originated in the uncertainties of the appropriate functional form of galaxy components.
In order to estimate uncertainties, we follow the method in Greene et al. (2008) . We first identified model parameters and assumptions that could contribute most significantly to errors.
Uncertainties in the PSF model due to temporal and spatial variations would affect the galaxy structural parameters and magnitudes. The sky background should just slightly influence the model magnitudes, since the galaxies in our sample are observed in NIR bands and thus the sky counts must be zero (however, we take it into account since it may vary up to 0.5 mag).
To account for uncertainties due to PSF, we used several PSF models assuming that the differences in the fits would represent the uncertainties due to our PSF model imperfection. To account for uncertainties due to sky, we run several sky fits in separated regions of 300 pixels × 300 pixels (70" × 70"). Using the different PSF models and sky values, we perform several GALFIT runs with these variations. The fits obtained were used to make a statistic where the bestfit value is the mean and the errors are ±1σ for each of the parameters of the galaxy model. Table 2 . Host galaxies parameters derived from 2D analysis. All K-corrections were performed using the K-corrections calculator (Chilingarian et al. 2010; Chilingarian & Zolotukhin 2012) Name Column (1) gives the galaxy name; (2) and (3) the apparent and absolute nuclear magnitude for the best-fit model in the observed band; (4) and (5) the apparent and absolute host galaxy magnitude for the best-fit model in the observed band. When the host galaxy is not detected, we determine an upper limit by simulating a host galaxy. We assume a de Vaucouleurs profile and an effective radius equals to a typical value for HLBs (Re = 10kpc). We increase the simulated host galaxy luminosity until it becomes detectable within the associated errors of the luminosity profile; (6) and (7) the bulge model effective radius in arcsec and in kpc, respectively; (8) the bulge model surface brightness at the effective radius; (9) the bulge model Sérsic index; (10) the reduced chi squared for the best-fit model, and (11) the ratio between best-fit (Sérsic + PSF) χ 2 and PSF-fit χ 2 .
a Corrected for extinction only. Nuclei are assumed to have flat power spectra and therefore have negligible K-corrections. Figure 3 . The Kormendy relation (symbols are explained in the figure) . The effective radius (log Re) is plotted versus the surface brightness at that radius (µe). A statistically significant correlation is found between these parameters (Kendall rank correlation, τ = 0.63, p = 2.2 × 10 −16 ). We show the 95% prediction bands (dotted lines) and the 95% confidence intervals (solid lines). A typical error bar is shown in the lower left corner. The best linear fit (segmented line) relation obtained is µe = (4.57 ± 0.35)logRe + (14.69 ± 0.31).
RESULTS AND DISCUSSION
The host galaxies
We successfully detect the host galaxy in 79% of our sample, being all best fitted by a single component model; a bulge, represented by the Sérsic profile. For the 4 unresolved sources, we estimated upper limits following the method described in Kotilainen et al. (2007) , assuming an elliptical galaxy (n = 4) with a typical size of R ef f = 10 kpc. The best fit 2D surface brightness decomposition is shown for each target in the Appendix (Figure B1 ), and the best fit model parameters are summarized in Table 2 .
We estimate an average Sérsic index < n >= 3.47±0.38 for the host galaxies in our sample, with average and median K-band host galaxy magnitudes < M (K) bulge > T hiswork = −26.20 ± 0.90 and < M (K) bulge > T hiswork = −26.34 ± 0.90, respectively. Our imagery analysis is in consistency with previous studies (Falomo et al. 2014 , and references therein), where it is suggested that the most common type of galaxy hosting radio-loud AGN are bright, giant ellipticals.
It is known that elliptical galaxies and bulges follow a tight inverse relation between µe and Re known as the Kormendy relation (Kormendy 1977) . This relation is explored in Figure 3 for the combined sample of radio-loud AGN host galaxies. As it can be seen, the overall sample follows the Kormendy relation (Kendall rank correlation, τ = 0.63, p = 2.2 × 10 −16 ) and the best-fit linear relation obtained is µe = (4.57 ± 0.35)logRe + (14.69 ± 0.31), see dashed-line in Figure 3 .
The later expression is consistent with those derived in K-band for BL Lacs (Cheung et al. 2003; Kotilainen et al. 2005 ) and inactive elliptical galaxies (e.g. Pahre et al. 1995) . those of inactive elliptical galaxies, in terms of dynamics and structural parameters. This comes in-line with previous findings, see (Falomo et al. 2014 , and references therein).
In Figure 4 we investigate the difference between galaxies hosting LLBs and HLBs. The bulge magnitude distribution (top panel) for LLBs appears to be narrow, with an average and median K-band magnitude < M (K) bulge >= −25.56 ± 0.58 and < M (K) bulge >= −25.57 ± 0.58, respectively. On the other hand, HLBs span a wide range of bulge magnitudes, with an average and median of < M (K) bulge >= −26.40 ± 1.21 and < M (K) bulge >= −26.12 ± 1.21, respectively. Although the distributions of bulge magnitudes for LLBs and HLBs, seem to overlap over a of host galaxy magnitudes (∼ 3 mag), the two distributions however, are significantly different (P = 1 × 10 −4 , obtained by a Kolmogorov-Smirnov test). Thus, suggesting an intrinsic relation between the bulge magnitude and the central engine mode of the AGN nuclei.
Since our division (LLBs and HLBs) is associated to the power of the AGN, then the latter result can be inter- Column (1) gives the sub-sample analysed; (2) the average absolute K− band bulge magnitude; (3) the average absolute K− band nuclear magnitude; (4) the average effective radius in kpc; (5) the surface brightness at the effective radius; (6) the average 1.4GHz luminosity of the sub-sample.
a Bulge and nuclear colour transformations are shown in section 2 preted also as a close connection between the bulge magnitude and the power of the jet that is digging its way out of the host galaxy. We discuss this finding with more detail in Section 5.2. The distributions of effective radius for bulges hosting LLBs and HLBs are displayed in lower panel of Figure 4 . While the average effective radius for LLBs is < Re >= 7.90 ± 4.10 and the median is < Re >= 6.83 ± 4.10, the average effective radius for HLBs is < Re >= 9.34 ± 5.52 and the median is < Re >= 8.18 ± 5.52. It appears that both distributions are indistinguishable in terms of bulge size. This perception is confirmed by a Kolmogorov-Smirnov test (P = 0.41). Thus, suggesting that there is no difference in bulge size between LLBs and HLBs. Nevertheless, some caution might be exercised when interpreting the above result. This obeys to the fact that estimations of effective radius have been compiled from literature and those imaging studies have been conducted at different band filters. Whereas previous studies have not found an effective radius of BL Lacs bulges dependence with wavelength, some trend has been noticed by Hyvönen et al. (2007) in the sense that effective radius increases towards shorter wavelengths.
A summary of the host galaxy properties for the different sub-samples in this work is shown in table 3. The combined sample (this work and compiled sample) of blazar host galaxies contains 57 LLBs and 43 HLBs (previously classified as 78 BL Lacs and 22 FSRQ, of which 15 new host galaxy detections were obtained in this work, all of them classified as FSRQ) and a broad range of radio luminosities log L1.4GHz = 23.7−28.3 W Hz −1 (represented in column 6), allowing for an investigation on whether host galaxy properties are connected with the properties of the radio jet. Figure 5 displays the M K,bulge -M K,nuclear relation for the galaxies in the combined sample. Bulge and nuclear mag- Table 4 . Correlation tests between z, M K,bulge and M K,nuclear for the complete sample of HLBs and for the subsample of HLBs with z < 0.6, where the z − M K,bulge and z − M K,nuclear correlations disappear, suggesting that the M K,bulge − M K,nuclear correlation is not significantly affected by selection effects. We show the Kendall rank correlation coefficient τ and the probability that the correlation is given by chance p. For correlations between magnitudes we show partial Kendall rank correlation tests in order to remove their common dependence on distance. We consider a correlation statistically significant when p < 0.05. All magnitudes have been transformed to K-band assuming the colours in section 2 nitudes were transformed to K-band assuming the colours presented in section 2.
Host-galaxy -AGN connection
For the bulges of LLBs (red symbols in Figure 5 ), we observe a narrow range of M K,bulge (M K,bulge = −25.56±0.58) which is consistent with the standard candle assumption Falomo et al. 2014 , and references therein find a typical value M K,bulge ∼ −25.7) made on imaging redshift estimation studies, widely applied to BL Lac objects (Romanishin 1987 For black holes accreting matter through ADAFs, the bulk of energy is expected to be emitted in the form of radio jets which, even when they are less powerful than jets from black holes accreting matter through accretion discs (Cattaneo & Best 2009), produce a strong feedback mechanism capable of declining star formation (Best & Heckman 2012b) . Thus, in the M nuclear -M bulge plot, the nuclear luminosity should increase while the bulge luminosity decreases.
The slightly negative trend for LLBs in this work (red symbols of Figure 5 ) might hint to the latter picture. However, the slope is almost flat (although negative) and the correlation absent.
In the other hand, for HLBs (blue symbols in Figure 5 ), a correlation between M K,nuclear and M K,bulge arises from a visual inspection, and is confirmed with a partial correlation test (see table 4). It is pertinent to ask whether the correlation gleaned might be induced due to selection effects (if only the brightest bulges can be detected at high redshifts). To address this, in Figure 6 we plot the redshift against the bulge magnitude (top panel) and the redshift against the nuclear magnitude (lower panel). A statistically significant correlation, albeit with a relatively large scatter, is found for these parameters (see table 4 ). The three samples occupy different locations in the plot, depending on their radio luminosities (represented by a colour bar), which hints at a bulge-nucleus connection.
If an observational bias effect was responsible to induce an artificial M nuclear − M bulge correlation, then we should observe this correlation only for bright nuclei (where a faint bulge might have not been detected). However, the correlation holds for the complete sample of HLBs, from faint to bright, even for galaxies with very faint nuclei (M nucleus ∼ −24), where a bulge of any brightness would be easily detected. We further investigate this in table 4, where we perform correlation tests for a sub-sample of the nearest HLBs (z < 0.6), where no selection effects are significant. The correlations between z − M bulge and z − M nuclear vanish for this sub-sample. However the M nuclear −M bulge (and m nuclear − m bulge ) correlation remain, which suggests that the M nuclear − M bulge correlation is not driven by selection effects.
The correlation between nuclear and bulge magnitudes is consistent with a scenario where AGN activity results in positive feedback on the star formation rate (Silk 2005; Silk & Norman 2009; Silk 2013) , wherein the more powerful the jet, the more significant the effect caused on its host galaxy. The influence of the jet could induce an increment (or quenching) of star formation leading to an enhanced (or diminished) density of old stellar population contributing to luminous (or faint) bulges (Granato et al. 2004; Scannapieco & Oh 2004; Antonuccio-Delogu & Silk 2008) . It is worth noting that the overall observed behaviour in Figure 5 shows similarities with the semi-analytical model presented in Gutcke et al. (2015 , see also Hickox et al. 2014 ). In this model, a slightly negative trend between the bolometric AGN luminosity and 60µm FIR emission (purely reprocessed stellar emission by dust) is observed for galaxies hosting low-luminosity AGN (bolometric luminosities below 10 43 ergs/s) with black holes accreting hot gas, where gas cooling is being suppressed by AGN jets (jet-mode AGN feedback). In the other hand, a positive trend is observed for high-luminosity AGN (bolometric luminosities above 10 43 ergs/s), with black holes accreting cold gas, being mergers or disc instabilities the triggering mechanisms of cold-gas flows, which in turn increase starburst activity.
SUMMARY
The J− and H−band images of radio-loud AGN, presented here, has yielded new host galaxy detections in AGN with prominent relativistic jets (i.e. L1.4GHz > 10 27 WHz −1 ). We compile host galaxy and nuclear parameters for blazars from literature and, combined together with our new host galaxy detections, yields to a sample of 100 radio-loud AGN with host galaxy detections and a broad range of radio luminosities L1.4GHz ∼ 10 24 − 10 29 WHz −1 . Our sample is divided into low-luminosity (57%) and high-luminosity blazars (43%), allowing an investigation of the correlation between their central engine modes and the properties of their host galaxies. Our main findings are summarized below:
1. The host galaxy imaging survey presented here yielded a total of 15 host galaxy detections out of 19 radio-loud AGN. This study has increased the number of detected and resolved FSRQ host galaxies by a factor of 2 (Kotilainen et al. 1998a; Nilsson et al. 2009 ).
2. The results from our 2D modeling of the surface brightness of the detected host galaxies in our sample is consistent with previous findings (Falomo et al. 2014 , and references therein), namely that radio-loud AGN with prominent relativistic jets (BL Lacs and FSRQ) are hosted by luminous < M K,host >∼ −26 and bulge dominated n ∼ 4 galaxies that follow the µe-R ef f relation for ellipticals and classical bulges.
3. When plotting M nuclear versus M bulge , LLBs and HLBs follow different behaviours. While LLBs cover a narrow range of magnitudes, HLBs follow a statistically significant positive correlation. Such correlation could be interpreted on the context of AGN feedback, wherein the more powerful the jet, the more significant the effect caused on its host galaxy. The influence of the jet could induce an increment (or quenching) of star formation leading to an enhanced (or diminished) density of old stellar population contributing to a luminous (or faint) bulge. Column (1) gives the galaxy name; (2) the reported redshifts for the sources. BL Lac objects redshifts were derived from weak stellar absorption features or weak emission lines; (3) and (4) the J2000 right ascension and declination; (5) object type: BLLAC=BL Lac type object; FSRQ= Flat Spectrum Radio Quasar; (6) 1.4GHz flux density as retrieved from NASA/IPAC Extragalactic Database (NED) a ; (7) luminosity at 1.4 GHz ; (8) observed filter; (9) and (10) the host and nuclear apparent magnitudes in the observed band; (11) and (12) the host and nuclear absolute magnitudes transformed to K-band assuming the colours in section 2; (13) effective radius converted to our adopted cosmology; (14) surface brightness at effective radius in K-band; (15) references for fitting parameters 1= Falomo & Kotilainen (1999) Figure B2 . Residual images (best-fit model subtracted from the galaxy image) of the galaxies in this work. The galaxies location is at the center of the image. Some galaxies show suggestive evidence of recent interaction. All images are 23" × 23" (north is up and east is left).
